The objective of this work was to report the first seasonal occurrence of the acanthocephalan Quadrigyrus nickoli Schmidt & Hugghins, 1973 (Quadrigyridae), in the "Mato Grosso" Hyphessobrycon eques (Characidae) (Steindachner, 1882), collected from the Chumucuí River, state of Pará, Brazil. The fish were collected between July 2006 (rainy season) and June 2007 (dry season) and were examined for parasites using pattern techniques. A total of 75 parasites were found in the stomach and intestine. Among 83 fish examined (50 in the dry season and 33 in the rainy season), 22 were parasitized by cystacanths of Q. nickoli. The importance of H. eques as a paratenic host for Q. nickoli is discussed. This is the first study on the biology of and infection by Q. nickoli occurring in the eastern Amazon region.
Introduction
The freshwater ornamental fish trade is an important economic activity, especially for fishermen living in small settlements near the Amazonian rivers. According to FAO data (2000) , the trade in this kind of fish is worth around three billion US dollars per year, and it is highly likely that these figures will have increased substantially over the last few years. Within Brazil, this trade is especially important in the Amazon basin (states of Amazonas and Pará), and Hyphessobrycon spp. (Characidae) are some of the most valuable species (FREITAS; RIVAS, 2006) . (Steindachner, 1882) , the jewel tetra, occurs naturally in the Amazon basin, buthas also been introduced into the Mato Grosso wetlands, Paraguay, Bolivia and Argentina (COLE; HARING, 1999) , especially in regions with pH levels between 6.5 and 7.0, and temperature between 26 °C and 28 °C. Due to its peculiar red color, it is highly appreciated as an aquarium fish.
Hyphessobrycon eques
In Brazil, there are only a few reports on parasites of wild freshwater ornamental fish. In these few studies, Monogenea and Ichthyophthirius multifiliis were found to be the commonest parasites in Paracheirodon axelrodi and Hyphessobrycon copelandi (Characidae); Carnegiella strigata and Carnegiella marthae (Gasteropelecidae); Ancistrus hoplogenys (Loricariidae); Nannostomus eques and Nannostomus unifasciatus (Lebiasinidae); and Pterophyllum scalare (TAVARES-DIAS et al. 2009 , 2010 . However, data on the seasonality of infection levels are very rare (MARTINS et al., 2000) . Despite an increase in the number of such studies over the last few years, due to the expansion of fish exportation to many countries (LUQUE, 2004) , knowledge about the parasites of freshwater ornamental fish is still very sparse, especially regarding seasonal data.
Here, we present the first report on the characteristics of infection by the acanthocephalan Quadrigyrus nickoli in Hyphessobrycon eques, caught in the Chumucuí River, Bragança, Pará. ). The fish were transported alive to the laboratory and were then sacrificed by means of an overdose of anesthetic, weighed, measured (total and standard length) and carefully inspected for parasites as described by Amato et al. (1991) and Eiras et al. (2006) . Parasites were identified in accordance with Thacher (2006) , and the parasitological indexes of intensity of infection, mean intensity of infection and prevalence were determined as described by Bush et al. (1997) .
Materials and Methods

Specimens of
The parasitological indexes of intensity and prevalence were statistically analyzed using the Bio Estat 4.0 software. The Shapiro-Wilk normality test and outlier test were used to investigate whether the sample presented normal distribution. The t-test for related samples was performed to evaluate the existence of seasonal differences in prevalence and mean intensity values, and Pearson's correlation (correlation matrix) was used to ascertain whether parasitism was influenced by the total and standard length or the weight of the hosts.
Results
Eighty-three fish specimens were caught: 50 during the dry season and 33 during the rainy season. The total length of the fish ranged from 2.0 to 3.9 cm (2.9 ± 0.48 cm), the standard length from 1.7 to 3.2 cm (2.4 ± 0.40 cm), and the weight from 0.2 g to 0.89 g (0.27 ± 0.18). The results from the Pearson correlation showed that there was no correlation between the parasitological indices and the total and standard length values, or with the weight of H. eques (Table 1) .
Twenty-two out of the 83 fish sampled were parasitized by cystacanths of Quadrigyrus nickoli. This species has four rows of hooks on the proboscis, each row with five hooks. The trunk has four rows of spines, each with 23 to 29 spines. The total number of parasites was 75, of which 67 specimens were located in the stomach and eight in the intestine.
Within the stomach, the parasites presented highest prevalence values ( In the anterior intestine, the acanthocephalan parasite was observed only in July 2007 (14.2% prevalence, and mean intensity of one parasite/host). In the posterior intestine, the highest prevalence (100%) was observed in May 2007 (Figure 3a) , as was the highest mean intensity (2) (Figure 3b) . A significant difference (p < 0.05) in prevalence values in the middle intestine was found between the two seasons ( Figure 4) . Data relating to the other parasitological indexes were not statistically different between the seasons. 
Discussion
Quadrigyrus nickoli was described by Schmidt and Hugghins (1973) as infecting the teleostean Hoplerythrinus unitaeniatus in Peru. Since then, no studies on the biology of this species have been produced. According to the results obtained from the present study, H. eques was a paratenic host for H. unitaeniatus only if the cystacanth form of the parasite was present. Studies on the feeding habits of H. eques have shown that small crustaceans represent 77% of the food intake of this fish, and that these crustaceans contain the larvae of Q. nickoli, thus giving rise to the cystacanth form after ingestion (LOUREIRO-CRIPPA, 2006) . These encysted forms give rise to the adults after the paratenic host has been ingested by the definitive host (EIRAS, 1994) .
The prevalence of infection was significantly higher during the rainy season. Studies on the population dynamics of acanthocephalans in temperate regions have suggested that the life cycle of these parasites is related to the seasons, and may be influenced by the temperature, feeding habits of the host and periods of dry and rainy weather (LASEE, 1989 ). In our sample, the parasites were found in the middle and posterior intestine only during the rainy season. Malta et al. (2001) reported that the pyloric caecum was the preferred habitat in tambaquis (Colossoma macropomum) in situations of lower infestation, i.e. contrary to the present data. The infection level is related to whether the river is at flood levels at that time. Flooding may contribute towards higher abundance of infected crustaceans, therefore favoring a higher likelihood that the fish will ingest infected invertebrates. However, the preferred habitat remains uncertain. Rosim et al. (2005) did not find any seasonality relating to infection by Quadrigyrus machadoi in Hoplias malabaricus. However, in that case, the results may have been influenced by the small numbers of fish caught during the rainy season, in comparison with the present study.
There was no correlation between infection levels and the total and standard lengths, or with the weight of the host fish. Similar results were found for Astronotus ocellatus infected by Polymorphus sp. in the Guandú River (AZEVEDO et al., 2007) , while Fischer et al. (2004) observed a positive correlation between the total length of the host (Colossoma macropomum) and the intensity of infection due to the acanthocephalan Neoechinorhynchus buttnerae. According to Luque and Chaves (1999) , these results are not surprising given that the parasitic infection does not necessarily increase with the length of the fish, but is related to the feeding habits in the different age classes of the host.
From the present data, it can be concluded that H. eques is a paratenic host for Q. nickoli in the study area, and that the parasite presents higher prevalence in the middle intestine of the host during the rainy season. Other aspects of the biology of this parasite and its relationship with the fish host will be elucidated in further studies.
